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FOREWORD 


This  is  Part  II  of  a  two-part  report  concerning  the  auditory  effects  produced 
by  loud  noise. 

Under  Contract  No.  AF  33(6l6)-3844,  experimental  animals  were  given  varying 
quantities  of  noise  exposure  and  the  effects  upon  hearing  threshold  were  measured. 
Following  this  subjective  determination,  the  same  animals  were  sacrificed  and 
evaluation  of  the  histological  findings  within  the  inner  ears  was  made  under 
Contract  No.  AF  33(6l6)-3637,  "Effects  of  Intense  sound  on  Mammalian  Ears," 
Department  of  Otolaryngology,  School  of  Medicine,  Washington  University,  Saint 
Louis,  Missouri,  Dr.  Walter  p.  Coveil,  Principal  Investigator.  This  report  com¬ 
prises  a  detailed  description  of  the  histological  changes  produced  in  the  material. 
Correlation  of  subjective  data  and  histological  findings  is  given  in  Part  I. 

The  entire  program  was  conducted  in  Support  of  Project  No.  7231,  "Acoustic 
Energy  Control,"  Task  71786,  "Biological  Aspects  of  Vibratory  and  Acoustic  Energy" 
administered  by  the  Bioacoustics  Branch  of  the  Aerospace  Medical  Laboratories, 
Wright-Patterson  Air  Force  Base,  Ohio. 

The  experiments  reported  herein  were  conducted  according  to  the  "Principles  of 
Laboratory  Animal  Care"  established  by  the  National  Society  for  Medical  Research. 


The  Aerospace  Medical  Laboratories  have  been  transferred  to  the  Aerospace 
Medical  Division  and  have  been  renamed  the  6570th  Aerospace  Medical  Research 
Laboratories. 


ABSTRACT 


Thirty-three  cats  were  subjected  to  sound  exposures,  and  auditory  threshold 
shift  measurements  are  reported  in  Part  I.  The  animals  were  subsequently  sacri¬ 
ficed  and  their  inner  ears  prepared  for  microscopic  examination  for  evidence  of 
tissue  injury.  The  histological  findings  of  injuries  are  reported  in  this  report. 

Wide  band  noise  at  115  db  for  one-half  hour  produced  mild  injuries}  for  2-hour 
exposures  the  injuries  were  moderate  to  severe}  for  8-hour  exposures  there  were 
severe  injuries.  Post-exposure  lives  of  these  animals  were  80  to  90  days. 

Animals  sacrificed  2  to  4  hours  after  exposure  showed  essentially  the  same  degree 
of  injury  with  the  same  2-hour  exposure  as  above. 

Two  hours  total  exposure  at  115  db  divided  into  16  doses  of  7.5  minutes  each, 
with  one  hour  inter-exposure  intervals,  resulted  in  slight  to  moderate  changes. 

The  same  total  energy  in  the  same  number  of  doses  for  7.5  minutes,  with  an  inter¬ 
exposure  interval  of  6  hours,  produced  comparatively  slight  injuries. 

While  considerable  variability  is  evident  in  different  specimens  subjected  to 
the  same  exposure  for  the  same  length  of  time,  there  persists  a  general  trend  for 
consistency  of  degree  of  injury  in  each  group. 


PUBLICATION  REVIEW 


This  technical  documentary  report  has  been  reviewed  and  is  approved. 
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SECTION  I 


INTRODUCTION 


An  auditory  sensitivity  and  histological  study  of  the  right  ears  of  nine  cats 
exposed  to  intense  sound  has  been  previously  reported  (ref.  1).  The  animals  were 
monaural  because  the  left  ear  of  each  had  previously  been  surgically  destroyed. 

The  methods  used  for  exposure  of  the  animals  to  sound  for  behavioral  audi¬ 
ometry  and  the  audiograms  of  threshold  shifts  are  contained  in  Part  I  of  this 
report.  The  histological  injuries  for  the  cochleas  of  the  tested  ears  exposed  to  a 
wide  band  of  noise  at  115  db  SPL  for  15  minutes  were  rated  as  slight  to  moderate, 
for  30  minutes  as  moderate,  and  for  2  hours  as  severe.  The  lesions  occurred 
usually  in  the  upper  part  of  the  first  turn  and  lower  and  middle  portions  of  the 
second  turn.  With  the  prolonged  exposures,  they  moved  further  into  the  basal  and 
apical  turns. 

The  present  report  deals  with  only  the  histological  findings  of  injuries  in 
the  right  cochleas  of  33  additional  cats  subjected  to  sound  exposures  and  for  which 
threshold  shift  measurements  were  made.  The  histological  methods  for  obtaining 
stained  and  mounted  sections  of  the  temporal  bones  were  identical  to  those  described 
for  the  guinea  pigs  (ref.  2),  except  the  sections  of  the  cat  material  were  usually 
18  to  20  microns  in  thickness. 


SECTION  II 


RATING  OP  INJURIES 


It  is  Justifiable,  particularly  from  results  of  previous  studies,  (refs  3  and 
4)  to  ascribe  some  discrepancies  in  the  findings  to  variations  in  susceptibility  on 
the  part  of  different  animals1  cochleas  to  Intense  sound,  if  this  is  the  only 
reason,  then  a  rating  of  histological  findings  and  the  audiogram  should  be  in  fair 
agreement.  Unfortunately  other  factors  may  also  be  responsible.  The  experienced 
mlcroscoplst  can  be  at  fault  in  the  evaluation  of  an  injury.  Hair  cell  and 
supporting  cell  lesions  or  losses  are  usually  not  difficult  to  Judge,  but  when 
accompanied  by  a  collapse  of  the  tunnel  of  Corti,  it  may  become  difficult  because 
cellular  detail  is  frequently  obscured. 

Rupture  of  Reissner's  membrane  can  occur  in  the  same  area  as  an  organ  of 
Corti  that  shows  only  mild  injuries.  Stretching,  thinning,  or  rupture  of  one  of 
the  layers  of  Reissner's  membrane  may  alter  its  permeability.  Such  changes  are 
difficult  to  grade  because  we  cannot  be  sure  of  how  they  affect  the  functional 
state  of  the  sensory  cells. 

Spiral  ganglion  cell  changes  are  sometimes  difficult  to  include  in  an  injury 
rating.  If  the  post-exposure  life  has  been  sufficiently  long  to  result  in  marked 
degenerative  changes  or  loss  of  cells  and  peripheral  nerve  fibers,  the  problem  is 
relatively  simple.  If,  however,  the  animal  was  sacrificed  within  a  few  days  or 
more  after  the  exposure,  changes  may  not  be  apparent. 

Artifacts  may  be  present  in  sections  and  can  be  due  to  a  variety  of  errors  or 
mishaps  in  the  preparation  of  the  serially  sectioned  and  stained  temporal  bones. 

Some  of  the  more  common  ones  are  due  to  poor  fixation,  improper  embedding  in 
celloldln,  a  dull  microtome  knife,  poor  staining,  and  so  forth.  Any  one  of  these 
can  add  to  the  difficulty  in  grading  the  injury  caused  by  the  acoustic  stimulus. 

Light  microscopy  definitely  has  its  limitation  for  use  in  judging  the 
extremely  fine  changes.  Loss  of  continuity  in  bare  nerve  fibers  as  they  pass 
through  the  tunnel  of  Corti  probably  occurs  with  injuries,  but  cannot  be  visualized. 
Neither  are  changes  in  the  nerve  endings  on  the  hair  cells  seen  by  the  usual 
methods  or  changes  in  enzymes  in  the  organ  of  Corti.  When  visible  by  electron 
microscopy  or  similar  methods,  these  and  other  factors  will  undoubtedly  alter  our 
present  Judgment  of  the  degree  and  extent  of  injuries  and  change  the  present  grad¬ 
ing  system. 

The  separation  of  injuries  into  different  grades  can  be  considered,  at  best, 
only  a  crude  estimation  of  effects  of  intense  sound  on  the  cochlea.  The  evalu¬ 
ation  used  is  similar  to  that  described  by  Davis  (ref.  5)  for  the  guinea  pig 
except  for  some  modifications  in  order  to  make  it  more  applicable  to  the  cochlea  of 
.the  cat.  The  cochlea  of  the  cat  has  two  large  turns  and  only  a  segment  of  an 
additional  turn  in  contrast  to  the  guinea  pig's  cochlea  that  has  four  turns. 

Figure  1  is  a  mid-modiolar  section  through  a  cat's  cochlea  showing  the  various 
turns.  The  lower  and  most  basal  portion  of  the  first  turn  is  not  present  in  this 
section. 

The  following  is  a  description  of  the  different  grades  of  injuries: 

Grade  1,  No  discernible  changes. 

Grade  1  plus.  Slight  changes  in  supporting  cells  such  as  Deiter's  and  internal 

phalangeal.  These  are  usually  found  to  be  cytoplasmic  vacuoles  or 
Just  distinguishable  swelling. 
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Grade  2.  Mild  to  moderate  changes  become  apparent  in  the  supporting  cells. 

The  nuclei  may  be  enlarged  and  stain  poorly  or  be  slightly  shrunken 
and  the  cytoplasmic  changes  more  pronounced. 

Grade  2  plus.  Moderate  to  severe  changes  in  supporting  cells  without  appreciable 
injury  to  external  hair  cells.  The  internal  hair  cell  may  be  some¬ 
what  altered  and  the  Internal  phalangeal  markedly  swollen.  A 
partial  collapse  of  one  of  the  tunnel  rods  is  sometimes  present. 

Grade  3.  In  addition  to  the  changes  listed  above,  (Grade  2  plus)  external 

hair  cell  Injury  of  slight  degree  is  apparent.  This  consists 
usually  of  a  difference  in  cytoplasmic  changes,  but  a  deeply 
stained  and  shrunken  nucleus  or  enlarged  and  poorly  stained  nucleus 
may  be  present. 

Grade  3  plus.  (See  Figures  2  and  3.)  Nuclear  and  cytoplasmic  changes  in  Deiter's 
cells  become  marked  and  occasionally  they  are  loosened  from  the 
basilar  membrane.  External  hair  cell  changes  are  apparent  to  a 
moderate  degree  although  the  organ  of  corti  and  its  reticular 
lamina  are  not  ruptured.  The  tunnel  of  Corti  may  be  almost 
completely  collapsed. 

Grade  4.  (See  Figure  4. )  Supporting  cells  may  show  moderate  to  marked 

changes.  External  hair  cells  are  extremely  altered  in  an  otherwise 
intact  organ  of  Corti}  an  occasional  one  may  be  missing.  The 
reticular  lamina  may  show  a  point  of  rupture . 

Grade  4  plus.  This  grade  of  injury  is  the  greatest  that  can  occur  without  complete 
rupture  and  loss  of  the  organ  of  corti  from  the  basilar  membrane. 

Grade  5.  The  external  hair  cells  and  Deiters  cells  have  been  lifted  from 

the  basilar  membrane.  Sometimes  the  internal  hair  cell  and 
internal  tunnel  rod  remain  in  a  relatively  unaltered  state  as  may 
also  external  and  internal  sulcus  cells.  This  grade  of  injury  also 
includes  the  complete  loss  of  the  organ  of  Corti  from  the  basilar 
membrane . 


Figure  1.  A  mld-modiolar  section 
through  a  cat* s  cochlea  showing  the 
different  turns  with  the  exception  of 
the  lower  or  basal  portion  of  the 
first  turn.  Tlm,  middle  of  first 

turn}  Tlu,  upper  part  of  first  turn} 

T2l,  T2m'  T2u'  lower»  middle,  and 

upper  parts  of  second  turn}  T_,  part 

& 

of  the  small  apical  turn.  X  12. 
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Figure  2.  Middle  part  of  the  second 
turn  of  a  section  through  the  cochlea 
of  a  cat  showing  a  Grade  3  Plus  injury. 
The  tunnel  of  Corti  is  completely 
collapsed  and  filled  with  cellular 
debris.  The  external  and  internal 
hair  cells  and  supporting  cells  are 
markedly  distorted  with  moderate 
changes.  There  is  a  loss  of  some 
mesothelial  cells  and  degenerative 
limbic  changes.  X  90. 


Figure  3.  Middle  part  of  the  first 
turn  of  a  section  through  the  cochlea 
of  a  cat  showing  a  Grade  3  Plus 
injury.  Reissner's  membrane  is 
ruptured.  The  tunnel  of  Corti  some¬ 
what  collapsed.  Injury  to  the  hair 
cells  (not  apparent  at  this  magnifi¬ 
cation)  could  only  be  considered  as 
moderate  although  the  supporting  cell 
changes  were  more  severe.  X  90. 


Figure  4.  Lower  part  of  the  second 
turn  of  a  section  through  the  cochlea 
of  a  cat  showing  a  Grade  4  injury. 

The  external  tunnel  rod  has  been 
fractured.  The  reticular  ruptured 
and  external  hair  cells  and  supporting 
cells  markedly  altered.  The  internal 
hair  and  supporting  cells  show  less 
marked  changes.  There  is  some  loss  of 
mesothelial  cells.  X  l4o. 


Purposely  omitted  from  any  of  the  grades  of  injury  are  such  findings  as 
rupture  of  Relssner's  membrane,  degeneration  of  limbic  connective  tissue,  loss  of 
mesothellal  cells,  and  spiral  ganglion  cell  changes.  Such  findings  are  more  common 
in  Grades  4  through  5  but  occasionally  may  appear  in  grades  representing  less 
pronounced  degrees  of  injury  to  the  organ  of  Corti.  They  seem  to  be  less  reliable 
as  criteria  for  judging  the  amount  of  injury. 
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TABLE  I 


GRADING  OF  INJURIES 


Group 

Cat  No. 

Low 

Turn  I 

Middle 

Upper 

Low 

Turn  II 

Middle 

Upper 

Turn  II 

Apical 

I 

109 

1 

1+ 

2 

2 

2+ 

2 

1  + 

110 

1  + 

2 

2+ 

2+ 

2 

2 

2 

114 

1  + 

2 

2 

2 

2+ 

2 

1  + 

HA 

54 

3+ 

2 

2+ 

3 

2 

1  + 

1+ 

64 

4 

3 

3+ 

4 

3+ 

3 

2+ 

71 

2 

3+ 

4+ 

4 

3 

2+ 

1  + 

80 

1  + 

2 

3 

2 

2 

1  + 

1  + 

60 

4+ 

4 

4+ 

2+ 

2 

1+ 

1+ 

63 

4+ 

4 

3+ 

4 

4 

2+ 

2 

76 

1  + 

2 

4 

4+ 

3 

2 

2 

78 

1+ 

1+ 

2 

3 

3+ 

2 

1  + 

hb 

A(R) 

1  + 

2 

2+ 

3 

2 

1+ 

1+ 

A(L) 

1+ 

2 

2+ 

3 

2+ 

2 

2 

D(R) 

2 

3+ 

3 

3+, 

2+ 

2+ 

2 

D<L) 

1  + 

2 

2 

3 

2 

1+ 

1+ 

E(R) 

1  + 

2 

2+ 

3+ 

2 

1  + 

1 

E(L) 

1+ 

2 

2+ 

3+ 

3 

2 

2 

F(R) 

1+ 

1  + 

2 

3 

2+ 

2 

1+ 

F(L) 

3 

5 

4 

3 

2 

2 

1  + 

G(L) 

2 

4 

4 

3+ 

3+ 

2+ 

2 

G(R) 

1  + 

4 

3+ 

3+ 

3 

2+ 

2 

hi 

86 

5 

4 

4+ 

5 

4 

3 

3 

90 

5 

5 

4+ 

4 

3+ 

3 

2 

92 

5 

4 

4+ 

3+ 

2+ 

2 

1  + 

107 

3 

3+ 

4 

4 

3 

3 

2+ 

102 

1+ 

3 

3+ 

4 

3+ 

2+ 

2 

112 

1  + 

2+ 

3 

4 

3+ 

3 

2 

IV 

39 

2 

3 

3+ 

4 

4 

2+ 

2 

50 

1+ 

2 

3 

3+ 

3 

2+ 

1+ 

69 

1 

1+ 

2 

2+ 

2 

1+ 

1  + 

72 

1 

1+ 

2 

3 

2 

2 

1  + 
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Table  I  (Continued) 


V 

VI 

VII 


EXPLANATION  OF 
Group  I 


Group  II  A 


Group  II  B 


52 

1+ 

2 

2+ 

2 

2 

2 

1+ 

56 

1+ 

1  + 

2 

2+ 

2+ 

2 

2 

62 

1 

1  + 

1  + 

2+ 

2+ 

2 

1+ 

74 

1 

1  + 

2 

1+ 

1 

1  + 

1 

61 

1 

1 

1  + 

2 

1  + 

1 

1 

70 

1 

1 

1+ 

2 

2 

2 

1 

79 

1 

1  + 

2 

2+ 

2+ 

1  + 

1+ 

99 

1 

1  + 

2 

2+ 

2+ 

2 

1  + 

53 

1 

1+ 

2 

3+ 

2+ 

1+ 

1  + 

59 

1 

1 

1 

1+ 

1  + 

1 

1 

98 

1 

1  + 

2 

3 

2 

1+ 

1+ 

75 

1 

1 

1  + 

2 

2+ 

1  + 

1  + 

TABLE  I 

Cats  109,  HO,  114. 

Exposure:  A  wide  band  of  noise  at  115  db  for  one-half  hour. 

Results:  Mild  injury  particularly  to  supporting  cells  with  some 
evidence  of  slight  encroachment  of  Injury  upon  external  hair  cells 
in  upper  part  of  the  first  turn  and  throughout  the  second  turn. 

Cats  54,  64,  71,  8o,  6o,  63,  76,  78. 

Exposure:  A  wide  band  of  noise  at  115  db  for  2  hours. 

Results:  Injuries  in  lower  part  of  the  first  turn  for  four  speci¬ 
mens  show  loss  and  degeneration  of  external  and  internal  hair  cells 
and  supporting  cells  with  collapse  of  the  tunnel  of  Corti.  The 
similar  areas  in  four  other  specimens  reveal  slight  to  moderate 
changes,  such  as  swelling  of  supporting,  with  or  without  some 
deformation,  of  external  hair  cells.  In  the  upper  part  of  the 
first  turn  and  into  the  middle  of  the  second  turn,  the  damage  is  in 
fair  agreement  for  most  specimens. 

Cats  A,  D,  E,  F,  G. 

Exposure:  A  wide  band  of  noise  at  115  db  for  2  hours.  Animals 
sacrificed  within  2  to  4  hours  following  exposure.  Both  ears  were 
exposed. 

Results:  Only  relatively  mild  changes  are  usually  present  in  the 
lower  part  of  the  first  turn,  such  as  slight  swelling  of  support¬ 
ing  cells.  These  changes  become  somewhat  greater  in  the  middle 
and  upper  part  of  the  first  turn  and  for  three  specimens  severe 
injuries  are  present  in  this  location.  Definite  hair  cell  and  cell 
injuries  of  moderate  degree  are  in  evidence  in  the  lower  part  of 
the  second  turn  for  all  specimens.  These  become  less  in  the 
middle  and  upper  part  of  the  second  turn. 
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Group  III 


Group  IV 


Group  V 


Group  VI 


Group  VII 


Cats  86,  90,  92,  102,  107,  112. 

Exposure!  A  wide  band  of  noise  at  115  db  for  8  hours. 

Results:  In  three  cochleas  the  organ  of  Cortl  was  lifted  from  the 
basilar  membrane  in  the  lower  part  of  the  first  turn.  In  one, 
there  was  moderate  Injury,  and  In  two,  there  were  slight  changes  at 
the  same  location.  For  all  specimens,  the  damage  became  more 
severe  or  maintained  Its  severity  Into  the  middle  of  the  second 
turn.  For  the  remainder  of  the  apical  turn,  the  Injuries  were 
moderate  to  slight. 

Cats  39,  50,  69,  72. 

Exposure {  Same  total  energy  doses  as  Groups  II  A  and  II  B  In  16 
aoses,  y«5  minutes  each  (or  2  hours  total)  with  1  hour  Inter- 
exposure  Interval. 

Results!  The  extreme  ends  of  the  basal  and  apical  turns  reveal 
only  slight  or  mild  injuries  such  as  supporting  cell  changes.  In 
the  upper  part  of  the  first  turn  and  into  the  middle  of  the  second 
turn,  there  is  considerable  variation  in  degree  of  injury  for  the 
different  specimens.  It  ranges  from  supporting  cell  changes  to 
marked  organ  of  Corti  damage  for  one  specimen. 

Cats  52,  56,  62,  74. 

Exposures  Same  total  energy  doses  as  Groups  II  A  and  II  B  in  16 
aoses,  y.5  minutes  each  (or  2  hours  total)  with  6  hours  inter¬ 
exposure  interval. 

Results:  The  injuries  for  all  specimens  are  slight  or  relatively 
mild,  there  is  a  tendency  for  the  greatest  degree  of  injury  to 
occur  in  the  upper  part  of  the  first  turn  and  lower  and  middle 
parts  of  the  second  turn.  It  is  primarily  supporting  cell  changes 
with  some  evidence  of  slightly  altered  hair  cells. 

Cats  61,  70,  79,  99. 

Exposure :  A  narrow  band  of  low  frequency  noise  at  105  db  for  8 
horn’s . 

Results!  Very  mild  injuries  are  present  chiefly  in  the  upper  part 
o i'  the  first  turn  and  throughout  the  second  turn  for  each  specimen. 
These  are  primarily  supporting  cell  changes  with  slight,  if  any, 
hair  cell  damage.  As  a  group,  the  findings  are  fairly  consistent. 

Cats  53,  59,  75,  98. 

Exposure !  A  narrow  band  of  low  frequency  noise  at  105  db  for  48 
hours. 

Results:  Moderate  external  hair  and  supporting  cell  injury  is 
present  for  two  specimens  in  the  lower  part  of  the  second  turn  with 
only  mild  changes  in  nearby  areas.  One  specimen  is  practically 
within  normal  limits  while  the  remainder  shows  slight  injuries  in 
the  lower  and  middle  parts  of  the  second  turn. 
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SECTION  IV 


A  COMPARISON  OP  FINDINGS 


The  histological  findings  for  different  animals  of  the  same  group  sometimes 
show  considerable  differences.  Table  I  shows  the  location  of  injuries  along  the 
basilar  membrane  and  indication  of  their  usual  localization  is  present.  The  upper 
part  of  Turn  I  and  into  the  middle  of  Turn  II  are  the  areas  of  the  cochlea  mo3t 
susceptible  to  injury  by  these  exposures.  The  lower  part  of  the  first  turn  is  also 
injured  by  some  of  the  exposures  at  115  db  with  duration  of  2  to  8  hours,  respec¬ 
tively.  This  is  also  true  of  the  more  apical  turns  for  the  same  exposures,  but  to 
a  lesser  degree. 

The  results  of  exposures  to  wide  band  noise  for  the  different  groups  are 
compared  on  the  basis  of  duration,  Intermittent  with  continuous  exposures,  and 
post-exposure  lives  of  8o  to  90  days  with  those  of  2  to  4  hours.  The  results  of  a 
narrow  band  of  low  frequency  noise  exposures  at  105  db  are  compared  on  the  basis  of 
8-hour  and  48-hour  exposures. 

A.  Duration  of  Exposures 

The  exposures  to  a  wide  banu  of  noise  at  115  db  for  one-half  hour  (Group  l), 

2  hours  (Group  IIA),  and  8  hours  (Group  III)  increased  the  amount  of  injury  with 
Increase  in  length  of  time.  The  differences  are  probably  greatest  between  the 
one-half  hour  and  the  2  hour-exposures ,  although  the  8-hour  exposures  continued 
to  become  even  more  severe  and  extensive.  Masked  Injury  occurred  in  the  lower  part 
of  the  basal  turn  with  some  2  and  8  hour-exposures  but  was  not  apparent  with  one- 
half  hour  only.  The  lesions  extended  along  the  basilar  membrane  into  the  apical 
turn,  but  severity  of  injury  was  considerably  diminished  at  this  point,  particularly 
for  most  prolonged  exposures. 

The  findings  for  the  exposures  to  a  narrow  band  of  low  frequency  noise  for 
8  hours  (Group  VI ),  respectively,  showed  only  a  slight  increment  with  increase  in 
duration.  This  was  not  apparent  in  two  of  the  Group  VII  animals. 

B.  Intermlttency  of  Exposures 

The  results  of  Group  IV  and  Group  V  are  compared.  The  exposures  —  wide  band 
noise  at  115  db,  7.5  minutes  duration,  repeated  for  16  times  (total  of  2  hours)  — 
differed  only  in  inter-exposure  interval  which  was  one  hour  in  Group  IV  and  6 
hours  in  Group  V.  A  greater  degree  of  injury  is  apparent  in  most  of  Group  IV 
specimens  that  showed  slight  to  moderate  changes  when  compared  to  the  Group  V 
changes  that  were  mild  in  degree. 

The  repeated  exposures  of  7.5  minutes  each  for  16  times  were  of  the  same 
total  energy  as  the  continuous  exposures  of  Group  II  A.  If  Groups  IV  and  V  are 
compared  with  Group  II  A,  it  is  evident  that  a  continuous  exposure  of  2  hours 
duration  is  usually  more  detrimental  than  an  intermittent  hourly  exposure  for  a 
total  time  of  2  hours  and  certainly  more  them  one  of  6  hours  interval. 

C.  Prolonged  Post-Exposure  Life 

All  of  the  cats  except  those  of  Group  II  B,  which  were  sacrificed  within  2  to 
4  hours  after  exposures  to  intense  sound,  were  allowed  to  survive  for  8o  to  90 
days.  If  the  results  of  Group  II  B  are  compered  with  those  of  Groups  I,  II  A,  and 
III,  it  is  evident  that  II  B  findings  ere  more  severe  than  the  one-half  hour 
exposures  (Group  i).  A  comparison  with  Oroup  II  A  findings  shows  about  the  seune 
variability  for  different  specimens  in  each  group  except  some  injuries  in  Group  UB 
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are  somewhat  more  severe,  on  the  other  hand.  It  Is  possible  that  some  of  the 
Injuries  for  some  animals  In  Group  II  B  would  be  rated  as  more  —  If  the  exposure 
lives  had  been  prolonged.  The  reverse  Is  also  true  because  the  mildly  injured 
areas  of  Group  II  B  findings  may  show  some  recovery  after  a  period  of  time.  With 
few  exceptions,  the  findings  for  Group  III  exposures  exceed  in  severity  those  of 
Group  II  B.  This  is  probably  less  closely  related  to  the  length  of  the  post¬ 
exposure  life  than  to  the  difference  in  exposure  time  of  6  hours  between  the  two 
groups . 
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SECTION  V 


SUMMARY 


1.  A  wide  band  of  noise  at  115  db  for  one-half  hour  produced  mild  injuries  in 
the  cats'  cochlea}  for  2-hour  exposures  the  injuries  were  moderate  to  severe} 
for  8-hour  exposures  there  were  severe  injuries.  The  post-exposure  lives  for 
these  animals  were  80  to  90  days. 

2.  The  same  band  of  noise  at  115  db  for  2  hours  in  animals  sacrificed  after  2  to 
4  hours  showed  for  most  of  the  specimens  moderate  to  severe  injuries.  There 
was  a  tendency  for  only  a  few  changes  in  the  lower  part  of  the  first  turn 
which  was  more  marked  in  some  with  80  to  90  days  post-exposure  life. 

3.  Inter-exposure  Intervals  of  one  hour  of  the  same  noise  at  115  db  in  16  doses 
for  7.5  minutes  each  (2  hours  total)  resulted  in  slight  to  moderate  changes 
with  marked  or  severe  injuries  for  one  specimen.  The  sarnie  total  energy  in  the 
same  number  of  doses  for  7.5  minutes  with  an  inter-exposure  Interval  of  6 
hours  produced  comparatively  slight  injuries. 

4.  A  narrow  band  of  low  frequency  noise  at  105  db  for  8  hours  resulted  in  slight 
injuries.  The  same  noise  for  48  hours  produced  changes  which  were  moderate 
in  degree  for  some  specimens  and  of  a  slight  degree  for  one  specimen. 

5.  While  considerable  variability  is  evident  in  different  specimens  subjected  to 
the  same  exposure  for  the  same  length  of  time,  there  persists  a  general  trend 
for  consistency  of  degree  of  injury  in  each  group. 
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